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A B S T R A C T

A growing body of literature is associating excessive and addictive use of digital media with physical, psycho-
logical, social and neurological adverse consequences. Research is focusing more on mobile devices use, and
studies suggest that duration, content, after-dark-use, media type and the number of devices are key components
determining screen time effects. Physical health effects: excessive screen time is associated with poor sleep and
risk factors for cardiovascular diseases such as high blood pressure, obesity, low HDL cholesterol, poor stress
regulation (high sympathetic arousal and cortisol dysregulation), and Insulin Resistance. Other physical health
consequences include impaired vision and reduced bone density. Psychological effects: internalizing and ex-
ternalizing behavior is related to poor sleep. Depressive symptoms and suicidal are associated to screen time
induced poor sleep, digital device night use, and mobile phone dependency. ADHD-related behavior was linked
to sleep problems, overall screen time, and violent and fast-paced content which activates dopamine and the
reward pathways. Early and prolonged exposure to violent content is also linked to risk for antisocial behavior
and decreased prosocial behavior. Psychoneurological effects: addictive screen time use decreases social coping
and involves craving behavior which resembles substance dependence behavior. Brain structural changes related
to cognitive control and emotional regulation are associated with digital media addictive behavior. A case study
of a treatment of an ADHD diagnosed 9-year-old boy suggests screen time induced ADHD-related behavior could
be inaccurately diagnosed as ADHD. Screen time reduction is effective in decreasing ADHD-related behavior.
Conclusions: Components crucial for psychophysiological resilience are none-wandering mind (typical of ADHD-
related behavior), good social coping and attachment, and good physical health. Excessive digital media use by
children and adolescents appears as a major factor which may hamper the formation of sound psychophysio-
logical resilience.

1. Introduction

Current young generation experiences electronic media as a central
part of their lives. Children and adolescents use for leisure an increas-
ingly growing variety of digital media devices. Rapid technological
improvements allow condensing into the users' experience a growing
variety and faster-paced stimuli which is accessible almost any time and
place through mobile devices, consequently, drawing youth to an ex-
cessive screen time use over the recommended 2 h per day limit
(Henderson et al., 2016). In many of western and some far-east coun-
tries appear a continuous rise in youth's digital media consumption. In
2011, 52% of 0 to 8-year-old children had access to a mobile device.
This access had increased, by 2013, to 75% (Chassiakos et al., 2016). In
1999, the average screen time of 8–18 year-olds was 6.21 h per day and
had increased by 2009 to 7:38 h, (Magee et al., 2014). Additionally, a

shift in the youth's device of choice appears to be occurring. With more
than 75% of families owning some mobile device, use of smartphones
and other Internet-enabled small devices is rising (Lauricella et al.,
2015). Consequently, adolescents owning a smartphone are likely to
have higher screen time compared to adolescents with a conventional
mobile phone because they have higher online and calling/sending
messages time (Lemola et al., 2015). Thus, the use of mobile devices
which allows access to most types of content, and encourages multi-
screening (Cain and Gradisar, 2010; Cajochen et al., 2011), is creating a
growing concern (Falbe et al., 2015) and is drawing research attention.

Along with advantages associated with access to information and
fast communication, in recent years many studies associated screen
exposure to health and psychological problems among infants, children,
and adolescents. This article reviews screen time effects on sleep, the
cardiovascular system, orthopedics, and vision and screen time psycho-
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neurological and social outcomes. A case study of an ADHD diagnosed
nine-year-old boy presents an example of screen time in-the-field-ef-
fects and will assist to conclude the role of screen time in the formation
of the psychophysiological resilience of the young generation.

2. Screen time effects on sleep

Children in 2011 were estimated to sleep, on average, one hour less
per night when compared with children of the early 20th century
(Magee et al., 2014). In Britain, 20–30% of young children experience
sleep problems (Cheung et al., 2017). Sleep is highly important for
neurodevelopment of infants and toddlers. Accumulating evidence in-
dicates that inadequate sleep, both in duration and quality may com-
promise youth's physical and mental health and psychosocial func-
tioning. Additionally, risk-taking behavior and school performance are
likely to be negatively affected by inadequate sleep (Falbe et al., 2015).
Sleep may also critically affect the regulation of circadian rhythms by
affecting the pineal hormone melatonin, which is involved in en-
hancement of immune function and inhibition of development of cancer
(Figueiro and Overington, 2015; Blask, 2009).

The association between digital media and sleep duration and
quality relates to infancy through adolescence (Parent et al., 2016).
Novel findings suggest an inverse association between sleep duration
and subsequent screen time. A longitudinal study of 4–8-year-olds
found that short sleep time can promote a following-day fatigue, thus
leading to more screen viewing sedentary behavior. Researchers,
therefore, suggested a bidirectional association between children's
length of sleep and screen time (Magee et al., 2014). An examination of
all developmental stages found that sleep disturbances, when they are a
result of excessive screen time, are linked to internalizing, ex-
ternalizing, and peer problems (Parent et al., 2016). Another study
related to the effects of sleep on executive functioning and theory of
mind (ToM) (i.e., the capacity to understand mental states, motives,
and feelings of others). This study examined preschoolers and found
that extensive exposure to background TV or nighttime TV viewing was
associated with decreased sleep duration, consequently resulting with
decreased ToM (Nathanson and Fries, 2014).

Digital media time is considered to affect sleep through the fol-
lowing means:

(a) Displacing other activities: screen time can displace physical ac-
tivity time known to be beneficiary for sleep. Additionally, screen
time can come at the expense of sleep time (Cheung et al., 2017;
Chahal et al., 2013), thus shortening sleep duration and quality
(Cheung et al., 2017; Cain and Gradisar, 2010; Magee et al., 2014).
Children of lower-income families are reported to have increased
TV viewing and reduced sleep quality. However, a large number of
digital devices in higher socioeconomic status families could be
assigned for contributing to increased screen exposure and shorter
sleep time (Magee et al., 2014)

(b) Time of use: Evening and nighttime exposure to bright light and
blue light emitted by self-luminous devices may suppress melatonin
production, affect the timing of melatonin production and, conse-
quently, cause circadian disruption (Cheung et al., 2017; Figueiro
and Overington, 2015; Falbe et al., 2015; Cajochen et al., 2011).
Bedtime access to media devices is associated with compromised
sleep components of various age ranges (Carter et al., 2016). Sleep
problems correspond to toddlers' evening media exposure (Garrison
et al., 2011) and to night-time access to digital devices, which ac-
cording to another study seemed to have caused to fifth graders a
decrease in sleep length (Chahal et al., 2013). Falbe et al. reported
that use of mobile phones after bedtime by seven graders was as-
sociated with a year later report of feeling significantly more tired.
Pre-adolescents and adolescents are reported to experience sleep
problems particularly if they use digital media after 9:00 p.m. Ad-
ditionally, extended messaging post-bedtime is likely to decrease

sleep duration of high school students and to cause them daytime
sleepiness and poorer academic achievements (Grover et al., 2016).
Other findings on cohorts aged 16–19 reported that over four hours
of digital media use is associated with extended sleep onset latency
(Hysing et al., 2017).

(c) Media type – television vs. small touch-screens: the number of TV
viewing hours of infants and toddlers was found related to irregu-
larities in day naptime and bedtime onset (Thompson and
Christakis, 2005). Passive TV viewing by five and six-year-olds, in
particular, who were viewing adult-targeted TV programs, was
found to be associated with sleep disturbances. Both active and
passive viewings were found associated with sleep-wake transition
disorder among 5–6-year-old children (Paavonen et al., 2006). A
more recent study added that increased passive exposure to TV was
independently related with reduced daytime sleep (Cheung et al.,
2017).
In contrast to TVs, small touch-screens can emit audible notifica-
tions (e.g., text messages) during sleep time, thus delaying falling
asleep or causing an inadequate sleep. Thus, it was found that 18%
of adolescents were reported to be awakened by mobile phones at
least a few times a night (Falbe et al., 2015). Touch-screen devices
were also found to affect toddlers aged 6–36 months as reported in
a study which found a significant association between frequency of
touch-screen device use (mostly tablets) which increased daytime
sleepiness (average of 10.8 min) and decreased night sleep
(15.6min in average). Also, overall night and day sleep duration
increased and night sleep onset (falling-asleep time) became longer
for this population (Cheung et al., 2017).

(d) Media content: exposure, primarily to video games, may increase
children's psychophysiological arousal, therefore affecting sympa-
thetic regulation (Cheung et al., 2017; Falbe et al., 2015; King et al.,
2014). Consequently, arousal may disturb pre-bedtime relaxation
and is likely to cause delayed sleep onset and shortened sleep time
(Cheung et al.; Magee et al., 2014). Garrison et al. (2013) further
elaborated on the effect of violent media content on 3–5 year-olds
and reported that 12min of violent daytime content or 15min of
evening media increases the risk of inadequate sleep. Use of social
media is another type of content found to affect sleep. Wood and
Scott (2016) reported that adolescents' use of social media at night
time predicts inadequate sleep, especially when emotional invest-
ment is involved. Moreover, the combined effect of looking at a
bright mobile phone display while involved in an excitement pro-
voking task (e.g., fast paced/violent game or worrying messaging)
may increase psychophysiological arousal, thus disrupting sleep
(Oshima et al., 2012).

(e) Location: media devices located in children's bedroom are likely to
increase overall screen exposure especially at evenings. Small sized
touch-screen devices enable them to flexibly be used in children's
rooms, both by the children and by parents who increasingly use
such devices for interacting with their children (Northwestern
University - School of Communication - Center on Media and
Human Development, 2014). Findings by Brambilla et al. (2017)
suggested that children's use of electronic media devices in the
bedroom is related to decrease in sleep duration. The number of
media devices owned by adolescents, particularly when located in
the bedroom, was related to delayed bedtimes, shorter sleep dura-
tion, increased bedtime resistance, and a higher level of sleep dis-
turbance (Bruni et al., 2015; Hysing et al., 2017).

(f) Electromagnetic radiation is sensed as light: The pineal gland,
producing melatonin, may sense electromagnetic radiation as light.
Therefore exposure to electromagnetic radiation from wireless de-
vices may delay melatonin production, thus affecting sleep
(Halgamuge, 2013).
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3. Cardiovascular system

For more than three decades evidence has been accumulating re-
garding negative health outcomes of TV viewing as 'sitting' time. Along
with technological advancement, this field of interest expanded to ex-
amine also a computer and video game time (Biddle et al., 2017).
Screen time sedentary behavior is claimed to increase the risk for
obesity, HDL dysfunction, and high blood pressure which are major risk
factors for cardiovascular morbidity (Merghani et al., 2015; Goldfield
et al., 2011; Martinez-Gomez et al., 2009).

3.1. Obesity

The relation between screen time and obesity can be explained by
reduced sleep and physical inactivity and by exposure to advertising
which negatively affects youth's dietary choices (Mihrshahi et al., 2017;
Biddle et al., 2017; Chahal et al., 2013). An increase in passive food
consumption is another suggested factor for linking computer-related
activities to obesity (Pérez-Farinós et al., 2017). Magee et al. (2014)
argued that it is possible that obesity influences both sleep duration and
screen time (TV viewing) because sedentary lifestyle may more
common for obese children. Thus, the study suggested an interactional
relationship between sleep and obesity.

A survey among children aged 9–10 associated three hours screen
time or more to obesity (Nightingale et al., 2017). Among types of di-
gital media, bedroom TV viewing was more associated with obese
children and adolescents (Pérez-Farinós et al., 2017; Mihrshahi et al.,
2017) and with forming a cardiometabolic risk (Staiano et al., 2013). A
single video game session was associated with higher food consumption
which was unrelated to hunger sensations. Moreover, in the study, after
the video game playing time, food intake was not compensated for
during the rest of the day. In normal conditions, an increase in plasma
glucose follows a rise in satiety sensations, however, in the study, an
increase in plasma glucose preceded food intake and reached a higher
level than in resting conditions. Thus, results suggested the presence of
acute stress (fight-or-flight response) associated with video game
playing time. The stress response seemed related to a glucose release
into the bloodstream (Chaput et al., 2011).

3.2. Blood pressure

Evidence exists in favor of tracking hypertension from childhood
into adulthood (Gopinath et al., 2014). Sedentary behavior and its
outcome physical inactivity have an inverse, and direct association with
children's blood pressure in all age ranges, when associated with more
than two daily hours of Internet use, watching TV and playing video
games. Higher odds of elevated blood pressure were found when ex-
amining 2–9-year-old children with a two-year follow-up (De Moraes
et al., 2014) or among 14–17-year-old adolescents (Cassidy-Bushrow
et al., 2014). A marked rise in diastolic blood pressure was linked to
each daily screen time hour among 6-year-old examined within a seven-
year period (Gopinath et al.), and among pre-adolescents' (mean age
12.7 years). Interestingly every hour of non-screen reading was linked
with a decrease in systolic and diastolic blood pressure (Gopinath et al.,
2012).

Retinal arteriolar narrowing is considered a potential marker of
future adverse cardiovascular events. A study which examined six-year-
olds, associated each hour of TV viewing with increased arteriolar
narrowing and a 10-mm Hg increase in children's systolic blood pres-
sure. Findings indicated that high outdoor activity correlates with
wider retinal arterioles than with children with low outdoor activity
time (Gopinath et al., 2011).

3.3. Cholesterol

Van Ekris et al. (2016) reviewed cross-sectional studies which

measured overall sedentary behavior including screen time (TV
viewing, computer use/video games). The authors found a moderate-to-
strong evidence for an association of overall sedentary behavior and
HDL-cholesterol level. Among obese adolescents (ages 14–18), video
game playing was the only type of sedentary behavior associated with a
reduction of HDL cholesterol (Goldfield et al., 2011). The same age
range was examined by Martinez-Gomez et al. (2010) who concluded
that screen time, over three hours, is associated with significant de-
crease in HDL cholesterol.

4. Stress regulation

4.1. Sympathetic arousal

Chronic sympathetic arousal can act as a risk for cardiovascular
diseases (Curtis and O’Keefe, 2002). Higher levels of sympathetic
arousal were found in young adults (Hsieh and Hsiao, 2016) and among
school-aged children with Internet addictive behavior. The authors
hypothesized that high arousal might be a partial cause for disrupted
sleep (Lin et al., 2014).

4.2. Cortisol

Cortisol is a hormone produced by the hypothalamic-pituitary-
adrenal (HPA) axis and is considered a stress biomarker for pediatric
studies. Both low and high levels of cortisol are associated with poorer
performance. Under normal conditions, cortisol levels are low at night.
Levels rise toward waking hours and increase steeply after wake-up
time. School-aged children who had used media three hours per day
demonstrated a reduced cortisol rise one hour after wake-up time. In
comparison, children with less than three hours or no daily digital
media time displayed a normal rise of morning cortisol (Wallenius
et al., 2010). Another study examined cortisol levels in two groups of
infants (mean age 10.6 months). One group consisted of infants
watching a DVD, and in the other group, infants were playing with
blocks. The study found that the infants in the DVD group had a sig-
nificantly lower cortisol level (30 and 45min into the activity), im-
plying a cortisol dysregulation (Christakis et al., 2013). Cortisol dys-
regulation was found also related to social screen time. A study of
12–17 years-olds provided data regarding Facebook use pattern (fre-
quency use, network size, self-presentation, and peer-interaction).
Findings suggested that network size is associated with increased
diurnal cortisol concentrations (Morin-Major et al., 2016).

4.3. Insulin and diabetes

Insulin is a hormone produced by the pancreatic islets and has a
major role in metabolism regulation and fat storage. A state when cells
fail to use insulin effectively is called Insulin Resistance which con-
tributes to the pathophysiology of diabetes and is a risk factor for
cardiovascular diseases. Recent studies examined various age groups
between 8-years-old to late adolescence. Some finding associated screen
time as low as two screen time hours per day to abnormal insulin levels
(Hardy et al., 2010). Henderson et al. (2016) suggested that every
added hour of TV, video game, or computer use is associated with a 5%
decrease in insulin sensitivity. In a two years follow-up of this study,
high screen time predicted worse insulin sensitivity, although obesity
partially mediated these results

5. Vision

Considerable computer screen viewing can lead to eye fatigue,
blurred vision, eye dryness, headaches, and discomfort. Such symptoms
can be a result of glare, poor lighting or improper viewing setting
(Akinbinu and Mashalla, 2014). The Multi-Ethnic Pediatric Eye disease
Study (MEPEDS) examined the causes of ocular disease. Finding

G. Lissak Environmental Research 164 (2018) 149–157

151



confirmed that prevalence of childhood myopia in the U.S. has more
than doubled over the last fifty years (Varma et al., 2006).

Recent studies have associated vision impairments to lack of out-
door time and prolonged indoor screen time, specifically video game
playing. Findings suggest that outdoor activity involves the light-sti-
mulated release of dopamine from the retina which inhibits the de-
velopment of myopia. Thus, children who spend less time outdoors are
at a greater risk of becoming myopic. Furthermore, the effect of time
outdoors can reduce, and largely negate, the causes of myopia devel-
opment, such as in extensive near-work, i.e., screen viewing (French
et al., 2013).

Studies have associated close screen viewing (in video games) to
development of myopia in ages 1–13-year-old (Jinhua et al., 2015). A
study of 3–10 year-olds elaborated on the effects of video games on
vision. The participating children who were playing video games more
than 30min almost every day experienced headaches and dizziness and
eye strain. Transient diplopia and refractive errors (e.g., short-sight-
edness) appeared mostly in the dominant eye, eventually resulting in
loss of fusion. The absence of stereopsis was observed related only to
video game time and not to other digital media devices. Additionally,
the presence of eyelid tics was explained as a direct result of the high
level of brain stimulation occurring during video game playing
(Rechichi et al., 2017).

6. Orthopedics

Sedentary behaviors, or non-exercising seated activities, may result
in significant orthopedics effects. Screen time, primarily of small-screen
handheld devices is argued to affect posture and creating musculoske-
letal load and discomfort symptoms. Such symptoms may be a result of
the intensive repetitive wrist and arm movement, and head inclination
found mostly during video game playing (Lui et al., 2011). Another
significant orthopedic effect relates to youth's bone density. Boys' video
game time was found to be adversely associated with bone mineral
density (Winther et al., 2015; Shao et al., 2015). Chastin et al. (2014)
reported that girls' screen time was negatively associated with femoral
and spinal bone mineral content.

7. Depression and suicidal behavior

Depression represents a growing public health concern and is a
prevalent disease among adolescents. Findings have linked overall
screen time to depression and suicidal behavior among adolescents
(Wood and Scott, 2016; Maras et al., 2015). Liu et al. (2015) found a
nonlinear dose-response relation between depressive symptoms and
overall screen time among children in the age range of 5–18 who were
using digital media for over two hours per day.

Symptoms of sleep disturbances are known to precede the devel-
opment of depressive symptoms and suicidal behavior (Dombrovski
et al., 2007). Therefore, inadequate sleep was suggested as a mediating
factor linking nighttime screen use to depressive symptoms and suicidal
feelings among junior high students (Oshima et al., 2012; Lemola et al.,
2015). Oshima et al. stressed the relationship between sleep dis-
turbances and completed suicide. The authors also pointed out that
negative mood, suicidal tendencies, and self-injury are likely to be re-
lated to mobile phones dependency, frequent message sending and
prolonged worry about not receiving messages, especially before bed-
time.

8. Attention deficit/hyperactivity disorder (ADHD)

Attention deficit/hyperactivity disorder (ADHD) is a neurodeve-
lopmental disorder characterized by symptoms of inattention and hy-
peractivity/impulsivity with an early onset in childhood and adoles-
cence. Children in the general population may display various ADHD
symptoms (attention problems, hyperactivity, and impulsivity) on a

continuous basis. Such behavior is referred to as ADHD-related beha-
vior and is associated with screen time (TV and video games) (Nikkelen
and Valkenburg, 2014).

Screen time may be related to ADHD and ADHD-related behavior
through various factors. Screen time may hinder the availability for
activities that are considered to better stimulate cognitive abilities and
long attention span (Nikkelen and Valkenburg, 2014). Zimmerman and
Christakis (2007) emphasize that for the developing brain of infants and
toddlers appropriate media attention-capturing stimulation displaces
learning opportunities with low developmental value.

Children and adolescents aged 6–17 either diagnosed with ADD/
ADHD or rated as having attention problems/impulsiveness were found
to have a greater rate of screen time (Charmaine et al., 2015; Gentile
et al., 2012). Moreover, The severity of attentional symptoms appears
to correspond to overall children's the Internet and video game time.
ADHD was also shown to be the primary predictor for the development
of the Internet addictive behavior (Weiss et al., 2011). Concurrently,
data indicates that video games content adds uniquely in predicting
attention problems (Gentile et al., 2012). Swing et al. (2010) sampled
two group ages: 3–5 graders and late adolescent/early adult students
(mean age: 19.8 years) and found that TV viewing and video game
playing are linked to increased attention problems in early adulthood
and late adolescence/early adulthood. Hence, overall findings indicate
a bi-directional causality between video game playing and attention
problems/impulsiveness (Weiss et al.; Swing et al.).

8.1. Arousal, violent, fast-paced content, and attention problems

In a normal sleep state, arousal, the outcome of the sympathetic
activity, is decreased by the activity of the parasympathetic system.
Thus, sympathetic arousal level can act as a biomarker for sleep quality
(Ononogbu et al., 2014). Children with poor sleep tend to display hy-
peractivity and sensation seeking. Therefore, it appears that over-
tiredness is likely to trigger or exacerbate ADHD symptoms (Geissler
et al., 2014).

Violent media content is characterized by antisocial and poor in-
hibited behavior, both which may induce poor self-control. Particularly
for infants and toddlers under age three, media violence may also ele-
vate the arousal level, consequently impeding self-regulation and re-
sulting in attention problems (Zimmerman and Christakis, 2007). Re-
peated exposure may cause children to desensitize to media violence.
Consequently, a certain level of violence will induce less arousal, pos-
sibly resulting in demand for more extreme violence level that will re-
induce the same or higher arousal level (Nikkelen and Valkenburg,
2014).

Exposure to fast-paced content, i.e., brief edited segments, such as in
video games, is not attention demanding (Weiss et al., 2011). Thus, the
attention of the exposed user may shift into a scanning-and-shifting
mode which, in turn, is likely to trigger increased arousal. Repeated
exposure may condition the user into frequently seeking higher arousal
levels, thus hampering performing activities demanding prolonged at-
tention, such as schoolwork or class activities (Nikkelen and
Valkenburg, 2014).

8.2. Neurological aspect of screen time-related ADHD behavior

Among digital media elements, fast-paced gaming, in particular,
offer immediate rewards with an array of strong incentives for further
reward obtainment (e.g., through a change of game environment and
achievement of the next level). Gaming related rewards were found to
increase striatal dopamine release (Weiss et al., 2011), resulting in an
induced feeling of pleasure. As a result, the user is inclined to adopt a
craving behavior aimed at experiencing repeating short-term pleasures
(Christensen, 2017). Engagement in continuous rewarding further ex-
acerbates disinhibition, quick responsiveness and consolidates inatten-
tion (Weiss et al.), eventually amplifying ADHD symptoms.
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9. Addictive screen time behavior

Literature relating to digital media addictive behavior has focused
mostly on Internet use and video games, yet the growing use of appli-
cations and texting (mostly used on mobile devices) may also lead to
addictive behavior (Love et al., 2015). While males appear to demon-
strate video game addiction, the addictive behavior of females is found
to be focused primarily on social networking (Andreassen et al., 2016).

9.1. Neuropsychological effects

Studies have utilized brain imaging techniques to determine the
involvement of neural circuits in executive functions and craving be-
havior in individuals who experience a lack of control over their
Internet and games time (Brand et al., 2014). Findings concluded that
craving behavior in online gaming resembles the addictive behavior in
substance dependence (Love et al., 2015). Numerous studies concluded
that Internet addictive behavior results in brain frontal lobe structural
stated. Such structural changes are related to the ability to filter out
irrelevant information and less coping with complicated task demands.
The frontal lobe is also related to empathy, suppressing prepotent but
incorrect responses, and adapting to change in the environments (Brand
et al., 2014; Yuan et al., 2011; Dong et al., 2012; Hou et al., 2017).
Other findings revealed impaired white matter associated with emo-
tional processing, dysfunctional decision making and compulsive-re-
petitive behaviors (Lin et al., 2012).

As divided attention between media devices becomes the "real
world" behavior, studies have focused on the effect of screen multi-
tasking. Pea et al. (2012) found that among college students, heavy
multitasking scores correspond to decreased gray matter in the anterior
cingulate cortex associated with cognitive control performance and
socio-emotional regulation. These college students displayed poor re-
sults in cognitive functioning factors like task switching, working
memory and filtering. The same population presented, in another study,
an association between decreased gray matter and poor conflict de-
tection, increased neuroticism and impulsivity, poor control over goal-
directed behavior and increased sensation-seeking behavior (Loh and
Kanai, 2014).

9.2. Behavioral and social aspects of addictive digital media behavior

Consistent with the finding of decrease of gray matter among heavy
media multi-taskers young adults, this population is characterized with
more lapses of attention and self-reported everyday non-deliberate
mind-wandering (Schutten et al., 2017). Non-deliberate mind-wan-
dering is central to ADHD-related symptoms found among college stu-
dents (Seli et al., 2015) and is associated with lower trait levels of
mindfulness and a higher rate of non-adaptive/negative thinking styles
(Jonkman et al., 2017). Non-adaptive/negative thinking styles are
found in adolescents who are behaviorally addicted to the Internet and
who are reported to have more depression, hostility and ADHD-related
symptoms (Yen et al., 2007). Thus, it appears that greater mind-wan-
dering corresponds to media addictive behavior, and if it is not ap-
parent during adolescence it is found in young adulthood.

Heavy multitasking and screen-addicted adolescents were also
found to have less social support and attachment with family and peers
(Wu et al., 2016; Pea et al., 2012; Richards et al., 2006). Consequently,
their life satisfaction level is negatively affected (Boniel-Nissim et al.,
2015; Mentzoni et al., 2011). While face-to-face communication is
strongly related to positive social well-being (Pea et al., 2012), ado-
lescents are shifting away from this form of communication hindering
offline social support. Then, to revive social support while in times of
social difficulty, adolescents are inclined to immerse themselves in a
vicious cycle of further use of Internet/social networks. However, the
social support that they may find online serves to further maintain
addictive Internet behavior. On the other hand, non-screen related

social support may decrease the Internet addictive behavior (Wu et al.,
2016). A low level of social support, together with higher levels of mind
wandering are likely to decrease social coping, increase the risk for
further depression, isolation, and loneliness, a process which may fur-
ther maintain addictive behavior (Andreassen et al., 2016). Further-
more, social and psychological factors, which are negatively affected by
addictive screen usage, i.e., social support, attachment, mindfulness
and level of life satisfaction, were also noted as crucial to the in-
dividual's resilience necessary to face life stressors (Pop, 2014; Sahin-
Baltaci and Karatas, 2015; Nemati and Farnaz, 2016).

Finally, social aspects of addictive Internet behavior seem to con-
verge around cyberbullying behavior. A study of 14–18-year-old stu-
dents linked addictive Internet use to cyberbullying. Results demon-
strated that Internet use time of more than six daily hours together with
high Internet addiction score predicted cyberbullying behavior
(Nartgün and Cicioğlu, 2015). Excessive screen use such as six daily
hours is reported to result in neuroanatomical changes which are re-
lated to decreased empathy, poor impulse control and emotional pro-
cessing, and dysfunctional decision-making; all components which
seem to lay the grounds for cyberbullying behavior.

10. Predictive behavior

Violent behavior is rarely an outcome of a single distinct cause and
is likely be a result of often prolonged, effect of multiple factors. More
than other risk factors, exposure to aggressive behavior during child-
hood is the best predictor of violent behavior in older adolescent and
adulthood. Decades of studies suggest that exposure to violent content
in TV and video games increases the risk for future violent behavior in
the same manner as growing up surrounded by real violence.
(Huesmann and Taylor, 2006).

10.1. Effects of television viewing

Studies have found a causal relationship between TV violent content
to increased risk for antisocial behavior in young children (Christakis
and Zimmerman, 2007). Longitudinal studies sampling various age
groups between 5 and 11-year old support this claim and argue that
time spent on TV viewing (during ages 6–10) is associated with violent
behavior 15 years later (Huesmann et al., 2003). Robertson et al.
(2013) showed that childhood TV viewing is associated with a diagnosis
of antisocial personality disorder and with criminal/violent convictions
by early adulthood. Another longitudinal study of 2 year-olds stated
that only one hour of daily TV exposure is related to aggression ex-
pression, social difficulties, and increased peer victimization at age 13
(Pagani et al., 2016).

10.2. Effects of video game playing

Studies have found a causal relationship between violent content in
video games and short-term increased violence and aggressive behavior
(Huesmann et al., 2003; Lemmens et al., 2011). Viewing violent content
was also linked to decreased prosocial behavior and empathy
(Anderson et al., 2010) and reduced inhibition (Palaus et al., 2017).
Examining the effect of video game playing of eleven graders over one
year revealed that this type of screen time could predict increased
violent behavior (Willoughby et al., 2012).

11. Radiation

Concerns about the potential vulnerability of children to radio-fre-
quency electromagnetic radiation (RF-EMR) fields is increasing as
children's exposure to wireless devices is on the rise. Children are
considered potentially more vulnerable to RF-EMR fields because of the
susceptibility of their developing nervous system. Additionally, their
brain tissue is more conductive, consequently allowing more RF-EMR
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penetration relative to the size of their head. Moreover, they will be
exposed to RF fields for more years than adults (Kheifets et al., 2005).

For years researchers believed that non-heating RF-EMR radiation
could not cause harm. Evidence which links RF radiation to cancer were
published by the National Toxicology Program (NTP) of the U.S.
National Institute of Health, which released partial findings from its cell
phone study on rats. The study found low incidences of tumors in the
brains and hearts of male rats exposed to RF radiation. Additionally, the
study found evidence of DNA damage caused by RF radiation (Wyde
et al., 2016).

Infertility is a prevalent disorder that affects, in the US about 7% of
men and 11% of women (National Institute of Health, 2017). Experi-
mental animal and humans studies explored the effects of RF-EMR on
the male reproductive function. RF-EMR was found to affect various
organs, including the testes, directly or through a thermal effect, e.g.,
when a cell phone is carried in the trouser pocket near the testes
(Yildirim et al., 2015). With emerging data of a decline in male semen
quality, mobile phones were examined as a possible contributing factor.
Results of these studies show that exposure to RF-EMR through cellular
phone use or through use of laptops or tablets is related to carcinogenic
risk and reproductive damage (Adams et al., 2014; Yildirim et al.;
Sepehrimanesh et al., 2017; La Vignera et al., 2012).

12. Case study

12.1. Background information

Mark is a nine-year-old Caucasian male who was referred for be-
havioral intervention treatment of ADHD. Mark was living with his
parents and his sixteen-year-old sister and thirteen-year-old brother. At
intake, Mark's parents reported that he exhibits restlessness and hy-
peractivity. He also was described as easily distracted, having difficul-
ties listening and following instructions and had difficulties playing
quietly. His parents said that he was always "jumpy."

Mark was attending third grade. Two years ago he was diagnosed
with ADHD. According to his teacher, Mark showed no involvement in
class assignments; he regularly disturbed class activities and behaved
aggressively. This behavior has increased during the last year. School
asked the parents to refer Mark to ADHD treatment in which he was
prescribed with Ritalin. The drug apparently caused Mark to reach a
state of under-weight. At that point, Mark's parents searched for an
alternative for Ritalin treatment consequently arriving at a behavioral
intervention program in which Mark's parents were asked about his
screen time habits. The parents reported that he had in his bedroom a
PlayStation unit and a computer which he also used to play video games
and watch TV. Along using these devices, Mark also multi-screened
with his smartphone, occasionally using it for playing video games. Not
very often, he also used virtual reality glasses. His parents reported that
screens 'quiet' down Mark.

Mark was not interested in participating in any after-school activ-
ities. Thus, most of his after-school time was devoted to digital media
use, which was estimated to be seven hours in weekday and more on
weekends. Once, he played video games with his brother from 9 a.m.
until 6 a.m. Mark's weekday's bedtime was usually around 11 p.m., and
he was reportedly viewing screen close to bedtime.

12.2. Screen time reduction plan

Mark was seen by the author eleven times as part of the public
health treatment program. At the first session, his parents were offered
to implement a screen time reduction plan in which every session
consisted of reviewing progress and offering treatment modification as
needed. The main focus of the treatment plan was to reduce fast paced/
violent video game time. At first, Marks parents were directed to re-
move all media from Mark's bedroom, preferably beginning with the
PlayStation. More steps took place aimed at further reducing

interactive/video game time, encouraging viewing slow paced content
and prohibiting any screen time for at least one hour before sleep hour.

Mark began to show a significant improvement during the first two
weeks of the program. His bedtime moved down one hour to 10 p.m.
and soon, his parents also reported an improved behavior at home.
Mark also began initiating more non-screen activities, such as dog
walking and table tennis play.

It was not known until the fourth week of the program that Mark
had a signal booster in his room. Mark's father was asked to remove it,
not only to reduce radiation exposure but to eliminate the possibility
that hypersensitivity to RF radiation may affect Mark. However, home
WI-FI remained installed.

During the fourth week, Mark's teacher was already reporting an
improved behavior in class. At home, Mark was even more engaged in
non-screen activities, and his parent also told that, occasionally, he was
just "doing nothing." His parents reported that he was also less tired
after waking up and that he was preparing himself for school much
faster than before the program began. Through the fifth week, Mark
began preparing homework without help. At that time, his father said
that he also seemed more "mature" mostly expressed by being abler in
delaying gratification. Mark also seemed less easily distracted at home
and less hyperactive in class, but he was still aggressive there. By the
tenth week, the parents were strongly encouraged to decrease exposure
to violent video game content significantly, especially first-person
games. Soon on, Mark also seemed to increase family social interactions
and was able to prepare for school exams. By the eleventh week, Mark's
did not present any aggressive behavior in school. Since the beginning
of the program, he also regained 6 kg, consequently returning to normal
weight. All behavioral improvements remained stable in a one-year
follow-up.

12.3. Case formulation

The screen time reduction plan was aimed at reducing Mark's ADHD
symptoms. The plan was constructed based on evaluating his screen
time habits. Mark's excessive screen time mostly consisted of violent
and fast-paced gaming, which is considered to encourage attention to
function in short segments. The major assumption underlying the plan
was that Mark might have been caught in a cycle which consisted of
attention problems leading to reward craving and arousing seeking
behavior. Such behavior, in its turn further exacerbates attentional and
aggression symptoms (Weiss et al., 2011). The screen reduction plan
was aimed at altering this cycle.

Mark displayed a significant improvement already within the first
2–4 weeks of the program, and within 11 weeks Mark was brought to
the point that the diagnosis of ADHD may not have been appropriate for
him anymore. No other intervention was implemented during this
period; therefore, the change in screen time viewing habits appeared as
the only factor associated with Mark's symptom reduction. It is sug-
gested that Mark may have been overdiagnosed; and that before the
treatment, he displayed a tendency for ADHD-related behavior which
apparently was exacerbated by screen time effects up to a state he
appeared an ADHD child. However, along with the elimination of the
exacerbating factors the expressions of ADHD-related behavior have
been practically diminished.

13. Discussion

The variety of digital media devices is increasingly growing and
advancing digital media offer users an increasingly more vivid and
faster paced digital environment. Children and adolescents appear to
adjust to new technologies seamlessly. However, a growing body of
literature associates excessive screen time with physical, psychological,
social and neurological adverse health consequence. Additional screen
time effects include developmental effects, the effects of exposure to
pornography and effects on learning; all who need a more extensive

G. Lissak Environmental Research 164 (2018) 149–157

154



review and were beyond the scope of this article.
Until recently, literature regarding children and adolescent's digital

media use has related mostly to TV and computer use. However, as
children and adolescents shift more toward the use of mobile devices;
research is adjusting its focus accordingly. The effect of growing access
to mobile devices and social networks is not well enough understood,
apparently, because it is a new and a continuously changing environ-
ment, both in pace and content, consequently, drawing youth away
from face-to-face communication. Hence, parents seem to need to re-
gain an appreciation of such form of communication because non-
screen related social support may decrease the screen time addictive
behavior. For young children, non-digital play-oriented experiences
best promote executive functions and higher order thinking skills such
as impulse control, emotion regulation and task persistence (American
Academy of Pediatrics, Media and Young Minds, 2016).

Excessive screen time appears to exacerbate ADHD-related behavior
and may also be a countering factor for a successful progress of inter-
ventions. As apparent from the presented case study, reducing and
changing screen time habits appear to significantly, decrease ADHD-
related behavior. Hence, it seems that an intervention for reduction of
ADHD symptoms should relate, at an early stage of the intervention, to
excessive screen time consumption. Moreover, use of psychotropic
medications to treat ADHD is rising in the last decade (Partridge et al.,
2014). Thus, research should address the question whether children
may be inaccurately diagnosed with ADHD when alternatively; their
ADHD-related behavior could diminish in a relatively short time by
relating to their screen time habits, also to reduce the loss of time and
money for inappropriate diagnosis and ineffective treatment.

The emerging profile of excessive screen users pictures a young
individual with inadequate sleep and higher physiological stress in-
clined to mind wandering or even ADHD-related behavior. Further
features may include non-adaptive/negative thinking styles, decreased
life satisfaction and a potential for health risks also in adulthood. The
conclusion of the overall presented findings pictures that lack of face-to-
face communication, multi-tasking, excessive social network use and
addictive interactive screen time, mostly of video games; all play a
critical role in determining physiological and psychological effects on
children and adolescents. Excessive screen time during childhood and
adolescence is likely to habituate the mind to relate more easily to
external stimuli, i.e., to lack mindfulness. Hence, internal stimuli such
as non-adaptive/negative thinking and feelings of decreased life sa-
tisfaction, potentially accompanied by health issues expected in adult-
hood (e.g., cardiovascular diseases and infertility) may induce a stress
hard to cope. Consequently, such coping difficulties, in adulthood, may
cause a higher occurrence of depression and anxiety. A sound in-
dividual resilience allows a person to face stressful life challenges
successfully. Resilience is a dynamic psychophysiological construct
which some of its crucial components (physical health, social support,
attachment, mindfulness and the level of life satisfaction) are compro-
mised by excessive screen use (Pop, 2014; Sahin-Baltaci and Karatas,
2015; Nemati and Farnaz, 2016). Thus, excessive and addictive use of
digital media by children and adolescents appears to compromise a
development of a sense of positive psychophysiological backbone which
is foundational for the formation of a sound resilience in the next
generation.
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